E3EE2H
2016 £ 2 A

2 0 @

% L & &

Electric Power Automation Equipment

Vol.36 No.2
Feb. 2016

MMC Y42 LR P 05 ik B etk i

FERRKR WD ERER2 2 M2
(1. Rk A K ¥ BATRSR, FH FH 132012;
2. BRK L AR E LAKEHEAFRN T 102211)

WE., ATHEERLSE FHAS(MMC)RERESG A FHE AT HF M R Routh AIEHEFHT
AT UEARREER L F D FEBRAROBBERESGAALBE OB TN LR5ME, A I FERKRES
B REW R RGRER BT M AMER R | A TAET STATCOM B X F 49 MMC # 47 5 2o 48 Sf
A PSCAD 5 A B A+ R T A TR ERNEAEERZL AN 401 &-F MMC RBERESG A FALEREANT
Routh #) & B T #BL b 645 A o) 48 0 4808 o4 69 JE 4 b vL BO3E B AME BOR 69 77 20k

FEBIF . MMC; R4 A, £ 2 ik, Routh FI¥E,; 3ERTAME, 1

FESES. TM 74;TM 46 XERARIZAS . A

0 31§

BOBIR G 0 B 2 3855 452 HOR n] LOKS 8 A 40 i
TE OGS [R] by 40 FD AR R 9 vl Ty H, - 2 A2 A 01 32
L VA L A U ) B AR B W R T AT X AR Ak
Z M3 4 MMC (Modular Multilevel Converter)
FRGTEMRMEEFE, BERDBEORE
51 1 FR 48 E B X BORTR & 7 LR G fe e A ok
USRI NCR TSR R A R A MR

[ AR 2 2% 35 5 BOBETR & 47 B0 AH OC L ik
PSR T — 2 BRI B ST S SCHER [ 6 R L T fi
F, 2 DL AN e A5 780 114 ) 48 3 42 4 11 R S OB TR
GBI S I SR ARy S W R R AN s
TR R SR R R LA B B e BE R B =
B LBEA G, LA RTE LRI RYGEIZH
FHIA 2 HFE Kt fig it 7, JF HAE B T MMC 19 s
TR A O FL b iy B 3l A5 000 R 4 Py s 540 5 it A R
hy WA

1 o A 11 ZE B ] DUA R s R SRl
SCHR[8 T4 X 42 1 rb A EL U I A8 L 48 10 T —Fh 5.
LA T BA | 38 ae SRe HCHE P A R F A R T R AR
JEPE R HRAS R R RRE  — M S
HAZI7 3% T MMC sl ) BOROR & 5 E5m  18
PEASR , P B X MMC 3R i SRR & 7 H 4%
FARE [ 3, A fe it — 2D IRAWESE

AR SCE X BB A B HEOREL RS
A B AR H R B AR A TTM (Tdeal
Transformer Model ) 5 12 fift #il £ P 1 2 50BLIR & 07

Wi B H.2015-03-17; &= B H#.2015-12-10

ELTH . BXaAMFALFTYA B (51377016); B K & M
8] “F A X" & LF A B (SGRIPGKJ[2013]496)

Project supported by the National Natural Science Foundation
of China(51377016) and “Thousand Person Plan” of State Grid
Corporation of China(SGRIPGKJ[2013]496)

DOI: 10.16081/j.issn.1006-6047.2016.02.002

SUHE TURAE 10 005 6 P 45 BT R 2B 40 B A 5
I P e 82 75 07 B0 PSCAD XF 7 B 9 7 4 0t
15 T B2 05 FORAE , IR IF J BOBEIR 45 7 0 £
PRIk 25 T R IR LR

| HBEEAHEZOER

1.1 HRREESHE

BRGS0 B2 R TR A/D FD/A
1 SRR i A5 i 1 U A e 00T 00 0 g A A 4 A Y —
Filt Iy &4 7 7 25 PHIL (Power Hardware-In-the-Loop )
P35 ., HAA Ty Ty 3208 T Yy Dy 20T LS 3R J) A% i,
BAOR G B — A K 1 PR,

D/A
LPLERTES S LA

A/D ]

Hp2k
| BEREHEMNIREHEOTER
Fig.1 Schematic diagram of power interface
hardware for digital-analog hybrid simulation
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Fig.2 Equivalent circuit of interface model

based on voltage-type ITM algorithm
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Fig.3 Block diagram of PHIL simulation circuit control
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Fig.4 Block diagram of PHIL simulation circuit

control with time-delay compensation



o FH

P76 MMC 955 4 11 B b 43 7 07 vk I ol il H s (7]

3 MMC &&=

3.1 EMMCHHEREHERS

KT B UE 3R Routh I8 8 5 o 70 A1 45 1 45
WY IE B RN S B | A SC LT IR L K G B T
P L O i P % T TR Sy 9 A A AR I A
YRS BT I T AR E T R MMC-
HVDC S22 W& Fh 1 e 25058 4 A0 [R] 1 2R
iy 45 % 3 A4 AP, LB it AR B A R T — AN TR T
AJE B STATCOM , 1 MMC FUIR A 15 5 0) 3% 1
IR EM RO T RENHINE S5, 5 R 5
N K th KA T g o % | H TAET HVDC A
T MMC 28 L F A STATCOM , A A< 5 H & X
TAETF STATCOM #2314 B MMC #1755 2
WL ITFE J5 22 & JF PSCAD 17 HLERIIE

Bl 5 FT7R b & MMC A58 B BOROR & 15 H &
SR oy m A, Horh s it i 7 4 B SE T Bk
AR | D R R AR B A R AR MMC e
T 1R A5 1 S g BN P S B A 4 B A UE AT AR AL

I8 — 5 BT ML R 5
M1 M, M1

Mz Mz I
Fm Fm

’)

ok

D/A [ e
|
| . ikt

25 FE 2%

iﬂl?—ﬁﬁ?ﬁ

PIESaN

:'_5;-

Bs5 &MMCHEBRREEHEREREE
Fig.5 Schematic diagram of digital-analog hybrid
simulation system with MMC
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of MMC in STATCOM mode
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simulation based on voltage-type ITM algorithm
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Analysis of MMC power interface stability and improvement measures
LI Guoqging',GU Huaiguang', WU Xueguang®, LIU Dong’
(1. Northeast Dianli University, Jilin 132012, China;
2. State Grid Smart Grid Research Institute, SGCC,Beijing 102211, China)

Abstract: In order to improve the power interface stability of digital-analog hybrid simulation for MMC
(Modular Multilevel Converter),the Routh stability criterion is adopted to derive the necessary conditions of
stable interface for the hybrid simulation system based on the interface algorithm of voltage-type ITM (Ideal
Transformer Model). A digital technology is proposed to compensate the time delay induced by the interface
devices,such as the power amplifier. The equivalent model of MMC in the STATCOM mode is established
and the PSCAD simulation software is applied to realize the digital-analog hybrid simulation based on the
voltage-type ITM for the 401-level MMC. Simulative results show that,the application of Routh stability
criterion as the condition of stable power interface in the digital-analog hybrid simulation is correct and the
proposed digital technology for compensating the time delay is effective.

Key words: MMC; hybrid simulation; interface algorithm; Routh criterion; time-delay compensation; stability
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Weakly-constrained control of microgrid inverter

with capacitive equivalent output impedance
CAO Yijia',ZHENG Yufang',YU Jingrong’, DUAN Juanfeng', ZHANG Wenyuan'
(1. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
2. School of Information Science and Engineering,Central South University,Changsha 410083, China)
Abstract: As most inverters have the inductive output impedance at low frequencies,a strategy of inverter
control,including the LCCL filter configuration,sampling current selection and virtual impedance controller
design,is proposed to make its output impedance capacitive by providing a controllable degree of freedom for
its output impedance model,which splits the capacitor of LCL filter into two parts and takes the current flowing
between them as the sampling current to effectively reduce the order of current control system. The inductors
and capacitors of LCCL filter are properly configured to achieve a reasonable virtual impedance controller for
making the inverter equivalent output impedance capacitive. The effectiveness of the proposed control strategy
is verified by the simulative results.

Key words: microgrid; electric inverters; capacitive inverter; LCCL filter; virtual impedance
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